ERIX.001A PATENT 
CLAMP ASSEMBLY FOR BEND ARM OF TUBE BENDING MACHINE 



Background of the Invention 

Field of the Invention 

[0001] This invention relates generally to tube bending machines. More 
particularly, the invention relates to an automatic clamping assembly for a bend arm of a tube 
bending machine. 

Description of the Related Technology 

[0002] In order to accomplish the bending of pipes or tubes in a mass production 
environment, automated pipe or tube bending machines have been developed. The 
workpiece to be bent may be of relatively large diameter, such as an automobile or truck 
exhaust pipe, or may be of relatively small diameter, such as a tube for a hydraulic or 
pneumatic apparatus. 

[0003] A tube bending machine ('"bender") usually forms a series of pre- 
programmed bends in a length of tube. A bender typically has a fixed, elongated machine 
^ bed configured to support and advance a workpiece to a tube bending zone (the "bend head") 
at one end of the machine bed. The workpiece is fed, such as from a length of tubing or a 
coil, through a rotatable chuck or collect gripping arrangement to the bend head. Typically, 
the bend head includes a rotary bend die having a concave groove corresponding to a radius 
of the diameter of the workpiece to be bent. The tube is fed toward the bend head until the 
tube is positioned at the bend die at the location to be bent. A bend arm assembly then 
positions a clamp die, which has a concave groove corresponding to the concave groove of 
the bend die, into abutting relation with the tube at the bend point. In one common type of 
machine, force is then applied to the clamp die to physically restrain the tube at the bend die. 
Rotation of the bend and clamp dies, with the tube clamped between them, bends the tube 
around the bend die. 

[0004] The clamp die is typically coupled to a moving slide which moves in and 
out between closed and open positions of the clamp-bend-dies pair. In one configuration, the 
clamp die is mounted on a linkage mechanism which drops away, below the centerline height 
of the bend die, into a cavity of the bend arm when in an open position to clear the tube after 
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bending. The clamp die is usually positioned with a hydraulic cylinder which operates at a 
single pressure. A limit switch indicates when the clamp die is fully closed. This system 
usually involves the coupling of the clamp die holder on a toggle mechanism, which means 
that the applied pressure cannot be varied and is relatively difficult to predict. This 
configuration results in a substantial disadvantage since application of excessive force results 
in scoring or crimping of the tube, while application of insufficient force results in slippage 
of the tube during pivoting of the clamp and bend dies. Either event may resuh in an 
unusable tube section. 

[0005] Therefore, there is a need in the industry for a tube bending machine 
having a clamping assembly that provides a controllable and variable clamping force. The 
invention disclosed below provides various mechanisms and methods that address this need. 

Summarv of the Invention 

[0006] The system and methods of the present invention have several aspects, no 
single one of which is solely responsible for its desirable attributes. Without limiting the 
scope of this invention as expressed by the claims which follow, its more prominent features 
will now be discussed briefly. 

[0007] One embodiment of the invention concems a clamping assembly for a 
bend arm of a tube bending machine. The clamping assembly comprises a bend arm slider 
having a first end and a second end, wherein the slider first end is configured to receive a 
clamp die. The slider couples to a guide member configured to move along an arcuate 
surface of a camming member, which camming member couples to the bend arm. The 
clamping assembly can also include a first lever having a first end and a second end; the first 
lever has a pivot axis and couples to a first pivot member, wherein the first pivot member 
couples to the bend arm. The first end of the first lever couples to the slider's second end and 
is configured to drive the sUder along the arcuate surface. The clamping assembly may 
fiirther include a toggle link having a first end and a second end. The first end of the toggle 
link couples to the first lever second end, and the toggle link is configured to rotate the first 
lever about the first lever pivot axis. The clamping assembly of this embodiment can also 
have a drive link that has a first end and a second end, wherein the drive link first end couples 
to the toggle link second end and the drive link is configured to drive the toggle link. The 
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clamping assembly can also include a second pivot member that couples to the drive link 
such that the drive link pivots about a second pivot member axis. 

[0008] In some embodiments, the clamping assembly can further include a 
bearing member that couples to the bend arm and has a bearing axis, wherein the bearing 
member couples to the second pivot member at a location offset from the bearing member 
axis. The clamping assembly can also comprise an actuator that couples to the drive link 
second end and is configured to rotate the drive link about the second pivot member axis such 
that a force is communicated from the actuator through the drive link, the toggle link, and the 
first lever to thereby cause the slider to retract or extend along the arcuate surface in response 
to the force, hi some embodiments, the clamping assembly can further include a second lever 
having a first end and a second end. The second lever first end pivotally couples to the 
bearing member and fixedly attaches to the second pivot member. In one embodiment, the 
clamping assembly is configured such that the actuator couples to the second lever second 
end and is configured to actuate the second lever so as to rotate the bearing member about the 
bearing axis. This configuration communicates a force via the drive link, the toggle link, and 
the first lever to the slider, resulting in the transmission of a controlled, variable force from 
the actuator to the clamp die. 

[0009] Yet another embodiment of the invention relates to a leverage mechanism 
for use with a clamp die positioning linkage assembly. The leverage mechanism comprises a 
bearing member that has a bearing member axis. The leverage mechanism can also include a 
pivot member having a pivot member axis, wherein the pivot member fixedly attaches to the 
bearing member such that the bearing member axis and the pivot member axis are 
substantially parallel and offset relative to one another. In some embodiments, the lever 
mechanism further includes a bearing block that receives and supports the bearing member, 
wherein the bearing block is configured for attachment to a bend arm of a tube bending 
machine. The lever mechanism can also comprise a lever arm that couples to the bearing 
member for causing the bearing member to pivot about the bearing member axis. 

[0010] In other embodiments the invention concerns a bend head for a tube 
bending machine. The bend head comprises a bend arm configured to cooperate with a rotary 
bend die for bending a workpiece. The bend head can further include a linkage assembly 
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coupled to the bend arm for positioning a clamp die, the clamp die configured to grip the 
workpiece in cooperation with the bend die. The bend head can also comprise a bearing 
member having a bearing member axis. In some embodiments, the bend head includes a 
bearing block configured to support the bearing member and to be coupled to the bend arm, 
wherein the bearing member is configured to rotate about the bearing member axis inside a 
bore of the bearing block. The bend head can additionally include a pivot member attached 
to the bearing member at a location offset from the bearing member axis, and a lever 
configured to rotate the bearing member about the bearing member axis, a first end of the 
lever attachable to the bearing member. 

[00111 Yet another embodiment of the invention relates to a method of 
positioning a clamp die and gripping a workpiece with the clamp die. The method comprises 
raising and extending a bend arm slider to position the clamp die at a location opposite to a 
rotary bend die, wherein the raising and extending is accomphshed in part by a linkage 
assembly comprising at least one linkage member. The method fiirther comprises applying a 
first force to the linkage member via a lever mechanism such that a second force applied to 
the lever mechanism is less than the second force. 

Brief Description of the Drawings 

[0012] The above and other aspects, features, and advantages of the invention will 
be better understood by referring to the following detailed description, which should be read 
in conjunction with the accompanying drawings, in which: 

[0013] Figure 1 is a perspective view of a tube bending machine having a bend 
arm with a clamping assembly as may be utilized in accordance with one embodiment of the 
invention. 

[0014] Figure 2 is a perspective view of the tube bending machine shown in 
Figure 1, wherein the bend arm is now shown in a rotated position as it bends a workpiece. 

[0015] Figures 3 A is a schematic diagram of an exemplary clamping assembly in 
accordance with the invention. The clamping assembly is shown in its open position. 

[0016] Figure 3B shows the clamping assembly of Figure 3 A in its closed 
position. 



[00171 Figure 3C is a schematic diagram of another Hnkage arrangement that can 
be employed with the clamping assembly shown in Figure 3B. 

[0018] Figure 4 is a perspective view of a clamping assembly and bend arm in 
accordance with one embodiment of the invention. 

[0019] Figure 5 is a side elevational view of the clamping assembly shown in 
Figure 4, except that certain components of the clamping assembly are removed in order to 
more clearly show other components. 

[0020] Figure 6A is a perspective view of the clamping assembly of Figure 4, 
except that certain components of the clamping assembly are removed in order to more 
clearly show other components. 

[0021] Figure 6B is a perspective view of the clamping assembly of Figure 6A, 
except that certain components of the clamping assembly are removed in order to more 
clearly show other components. 

[0022] Figure 7 is a side elevational view of the components shown in Figures 6A 

and 6B. 

[0023] Figure 8 is a side elevational view of the clamping assembly shown in 
Figure 4, with the bend arm slider of the clamping assembly shown in its retracted and 
lowered position. 

[0024] Figure 9 is a side elevational view of the clamping assembly of Figure 8, 
except that the linkage assembly is illustrated as having advanced further as the slider is 
raised and extended from its retracted and lowered position. 

[0025] Figure 10 is a side elevational view of the clamping assembly of Figure 9, 
except that the linkage assembly is illustrated as having advanced further as the shder is 
raised and extended. 

[0026] Figure 1 1 is a side elevational view of the clamping assembly of Figure 10, 
except that the linkage assembly is illustrated as having advanced to nearly the top of the 
movement that raises and extends the slider. 

[0027] Figure 12A is a side elevational view of the clamping assembly of Figure 
11, except that the linkage assembly is illustrated as having completely raised and extended 
the slider from its retracted and lowered position shown in Figure 8. 
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[0028] Figure 12B shows the relationship of the force muhipUer arm and a 
bearing member in accordance with one embodiment of the clamping assembly illustrated in 
Figure 12 A. 

[0029] Figure 13 is a side elevational view of the clamping assembly of Figure 
12 A, except that the actuator is illustrated as having pulled a force multipHer arm to apply a 
pressure at a clamp die of the clamping assembly. 

[0030] Figures 14-2 IB show perspective views of certain components of the 
clamping assembly illustrated in Figure 4. 

Detailed Description of Certain Inventive Embodiments 
[0031] Embodiments of the invention will now be described with reference to the 
accompanying figures, wherein like numerals refer to like elements throughout. The 
terminology used in the description presented herein is not intended to be interpreted in any 
limited or restrictive manner, simply because it is being utilized in conjunction with a 
detailed description of certain specific embodiments of the invention. Furthermore, 
embodiments of the invention may include several novel features, no single one of which is 
solely responsible for its desirable attributes or which is essential to practicing the invention 
described here. 

[0032] Generally, the invention described herein concems clamping mechanisms 
for use with the bend arm of a tube bending machine. The clamping mechanisms and related 
methods of the invention allow the application of a controlled and variable force to a 
workpiece. Moreover, certain embodiments of the clamping assembly provide a compact 
assembly that permits convenient handKng of the workpiece at the bend head of the tube 
bender. 

[0033] Figures 1 and 2 show a typical bending machine that can be configured to 
employ a bend arm having a clamping assembly in accordance with embodiments of the 
invention. Figure 1 shows a tube bending machine 100 having a bend arm 404 configured 
with a clamping assembly 400, as will be further described below with reference to Figures 4 
through 15. The bender 100 includes a bed 110 that supports a carriage assembly 120. A 
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rotatable chuck 130 couples to the carriage assembly 120 and is configured to grip a 
workpiece such as a tube 340. 

[0034] In operation, the carriage assembly 120 and chuck 130 cooperate to 
translate and rotate the workpiece 340 to place it at a desired bending location in a bending 
zone ("bend head"), which comprises a bend die 338 and a clamp die 312. The workpiece 
340 is gripped by the bend die 338 and clamp die 312 as the bend arm 404 is rotated about an 
axis 401 of the bend die 338. An actuator 140 suitably coupled (not shown) to the bend arm 
404 rotates the bend arm 404 about the axis 401. A restraint block 150 restrains the 
workpiece 340 at point between the bend head and the chuck 130. In the embodiment shown, 
the bender 100 has bent a portion of the workpiece 340 through a 90 degree angle. 

[0035] To perform a subsequent bend on the same workpiece 340, the clamp 
assembly 400 retracts and lowers a bend arm sUder 402 relative to the bend die 338 (see 
Figures 9-11). Since the clamp die 312 is coupled to the slider 402, the clamp die 312 also 
retracts and falls away from the workpiece 340 and the bend die 338. The actuator 140 
returns the bend arm 404 to the starting position shown in Figure 1. Next, the carriage 120 
and chuck 130 position the workpiece 340 at the new bend location. Then the clamping 
assembly raises and extends the slider 402 to engage the clamp die 312 against the workpiece 
340. The actuator 140 rotates the bend arm 404, as previously described, to produce the new 
bend on the workpiece 440. 

[0036] Figure 3A is a schematic diagram of a clamping assembly 300 in 
accordance with one embodiment of the invention. The exemplary clamping assembly 300 
includes a bend arm slider 302 having a first end 302' and a second end 302". The slider 
302 couples to an end of a guide member 304. The guide member 304 extends downwardly 
from the slider 302 to a contact end 303. The contact end 303 is in contact with and moves 
along an arcuate surface 306, which can be provided by, for example, a camming member 
308 coupled to the body of a bend arm 310. The slider first end 302' can be configured to 
receive a clamp die 312. The clamping assembly 300 includes a lever 314 having a first end 
or arm 314' and a second end or arm 314". The slider second end 302" pivotally couples to 
the lever's first end 314'. The lever's first end 314' and second end 314" are configured to 
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pivot about a pivot member 316 coupled to a bend arai 310. An axis 318 characterizes the 
pivot member 316 and also defines the pivot axis of the lever 314. 

[0037] A first end 320' of a toggle link 320 couples pivotally to the lever second 
end 314". A toggle second end 320" couples pivotally to a first end 322' of a drive link 
322. As will be discussed further below, a stop member 347 (see Figure 3B), which in one 
embodiment couples to the bend arm 310, provides a stop at the coupling between the toggle 
link 320 and the drive link 322. In one embodiment, a drive link second end 322" couples at 
a member 324 to an actuator 326. The drive link 322 couples pivotally to a pivot member 
328, which is characterized by an axis 332. The clamping assembly 300 can include a lever 
330 having a first end or arm 330' and a second end or arm 330". The pivot member 328 
couples to the lever first end 330'. The lever 330 couples pivotally to a pivot member 334 
that is supported on a support member 336. An axis 335 characterizes the pivot member 334. 
In one embodiment, the lever's second end 330" couples to the actuator 326 at a member 
337. 

[0038] In operation of the clamping assembly 300, starting at an open position 
(see Figure 3 A) in which the clamp die 312 is retracted and lowered relative to a bend die 
338, the actuator 326 pivots the drive link 322 clockwise about the axis 332 of the pivot 
member 328. The drive link fu-st end 322' acts upon the toggle second end 320", which 
results in a lifting of the toggle second end 320", as well as a simultaneous pivoting of the 
toggle second end 320" about the coupling of the toggle first end 320' and the lever second 
end 314". 

[0039] The toggle first end 320' pushes against the lever second end 314" 
causing the lever 314 to pivot clockwise about the axis 318 of the pivot member 316. The 
lever first end 314' pushes against the slider second end 302" causing the slider 302 to rise 
and extend toward the bend die 338 as the guide member 304 rides up the arcuate surface 
306. This movement continues until the toggle link 320 comes into collinear alignment with 
the drive link first end 322' and the stop member 347 prevents any fiirther upward movement 
of the toggle 320 and drive link 322 at their coupling. At the end of the movement, as 
illustrated in Figure 3B, the sHder 302 brings the clamp die 312 into abutting engagement 
with a workpiece 340. Hence, the combined action of the drive link 322, toggle link 320, and 
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lever 314 raises and extends the slider 302 from a retracted and lowered position as the 
actuator 326 acts to pivot the drive link 322 clockwise about the axis 332. 

[0040] Once the slider 302 is raised and extended into engagement with the 
workpiece 340 (see Figure 3B), the actuator 326 acts upon the lever second end 330" to 
apply a controlled and variable force by the clamp die 312 against the workpiece 340. The 
actuator 326 acts on the lever second end 330" causing the lever 330 to pivot about the axis 
334. The pivoting of the lever 330 results in the lever first end 330' pushing the drive link 
322 against the toggle link 320, which in turn presses against the lever second end 314". The 
lever 314 thus is forced to pivot about the axis 318, which results in the lever 314 pressing 
the slider 302 and clamp die 312 against the workpiece 340. In the embodiment shown, 
when the actuator 326 pushes the lever second end 330", the movement is reversed and the 
sUder 302 releases the pressure on the workpiece 340. 

[0041] To return the slider 302 from its raised and extended position to the 
retracted and lowered position, the actuator 326 can pivot the drive link 322 
counterclockwise about the axis 332. The drive link first end 322' pushes the toggle second 
end 320" downward, and simultaneously the toggle first end 320' pivots about its coupling to 
the lever second end 314". The toggle first end 320' pulls on the lever second end 314" 
causing the lever 314 to pivot counterclockwise about the axis 318. As the lever first end 
314' pivots about the axis 318, the lever first end 314' pulls the slider 302 away from the 
bend die 338. The slider 302 rides downward on the arcuate surface 306 with the aid of the 
contact member 303 and the guide member 304. Thus, the combined action of the drive link 
322, toggle link 320, and lever 314 retracts and lowers the slider 302 from an extended and 
raised position as the actuator 326 acts to pivot the drive link 322 counterclockwise about the 
axis 332. 

[0042] An advantage of the clamping assembly configuration 300 described 
above is that the force applied by the actuator 326, and transferred ultimately to the 
workpiece 340 by the linkage assembly consisting of the drive link 322, toggle Unk 320, lever 
314, slider 302 and clamp die 312, is magnified by the use of the lever 330. This 
configuration corresponds to a first class lever (z.e., where the fiilcrum is between the load 
and the effort). For convenience of description, the "effort arm" is the distance Dl between 
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the pivot axis 335 and the line of action of the force that the actuator 326 applies to the 
member 337 at the lever second end 330". The "load arm" is the distance D2 between the 
pivot axis 335 and the pivot axis 332. The magnification is substantially equal to the ratio of 
the effort arm to the load arm, namely Dl :D2. 

[0043] Figure 3B is a diagram of another exemplary arrangement for obtaining the 
force multiplication provided by the lever 330 of Figure 3A. In Figure 3B, the force 
multiplication is obtained by pivotally coupHng a single-arm lever 330B to a support and 
pivot member 336B characterized by an axis 335B. A pivot member 328B having an axis 
332B can be fixedly coupled to the lever 330B. The drive link 322 (not shown in Figure 3B) 
pivotally couples to the pivot member 328B. When the actuator 326 pulls the member 337B 
at the lever second end 330B", the drive link 322 rotates clockwise about the axis 335B, 
thereby pushing the drive link first end 322' to press against the toggle link 320. This 
configuration corresponds to a second class lever (z.e., where the load is between the fulcrum 
and the effort). In this case, the effort arm is the distance Dl ' between the axis 33 5B and the 
line of action of the force provided by the actuator 326 at the member 337B. The load arm is 
the distance D2' between the axis 335B and the axis 332B. The force multiplication is the 
ratio of the lever arm to the load arm, namely Dr:D2'. 

[0044] The person of ordinary skill in the art will readily recognize that the 
actuator 326 may be replaced by, for example, two separate actuators. One of the actuators 
can be a low force actuator that acts upon the drive link 322 to raise or lower the slider 302. 
The second actuator can be a high force actuator that acts upon the lever 330 to provide a 
high, controlled and variable clamping force at the clamp die 312. Below a clamping system 
using a single actuator is described with reference to Figures 4 through 15. 

[0045] Additionally, it will be apparent to an ordinary technician that the 
couplings of the various components of the clamping assembly 300 can take numerous forms. 
For example, the pivot member 316 can be coupled to the bend arm 310 with suitable 
fasteners such as bolts, or with a weld, or by a press fit into a bore integral to the bend arm 
310. Moreover, by way of example, the pivot coupling of the lever 314 at the pivot member 
316 may take the form of a gear mechanism that transmits the force fi"om the lever second 
end 314" to the lever first end 314'. Additionally, the couplings between the lever 314, 
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toggle link 320, and drive link 322 may be, for example, pivot pins that allow pivoting 
motion of the lever 314, toggle link 320, and drive link 322 at the coupling points. 

[0046] The dimensions and materials of the various components of the clamping 
assembly 300 are chosen to suit the specific application. The dimensions of an exemplary 
embodiment are provided below with reference to Figures 4 through 2 IB. Generally, the 
linkages can be made of metallic materials having suitable strength and durability. Specific 
materials are referenced in the description of exemplary components shown in Figures 14 
through 21B. 

[0047] Another embodiment of the clamping assembly of the invention will be 
described with reference to Figures 4 through 15. Referring to Figures 4 and 5, the clamping 
assembly 400 includes a bend arm sHder 402 having a first end 402' and a second end 402". 
The slider 402 couples to a peg 404 that moves along an arcuate sxirface 406, which is 
provided by a guide slot 408 that is integral to the body of a bend arm 410. The slider first 
end 402' is configured to receive a clamp die 312. The slider second end 402" is pivotally 
coupled to a lever 414 at a lever first end 414'. The lever first end 414' and lever second end 
414" pivot about a pivot member 416 that is coupled to the bend arm 410. The pivot 
member 416 is characterized by an axis 418 that also defines a pivot axis for the lever 414. 
In this embodiment, two levers 414 are provided such that there is one lever 414 for each 
lateral side of the slider second end 402", wherein a bar connects the two levers 414 (see 
Figure 16). The configuration of the two levers 414 provides stability and added strength to 
the clamping assembly 400. A first end 420' of a toggle hnk 420 couples pivotally to the 
lever second end 414". 

[0048] The toggle second end 420" couples pivotally to a first end 422' of a drive 
link 422. A drive link second end 422" includes a guide slot 424 that receives and guides a 
push rod 426 (see Figure 4). A support plate 442 couples to the bend arm 410 and supports a 
pivot member 449, which couples pivotally to an actuator 428. A stop member 451 couples 
to the bend arm 410 and serves to prevent upward motion of the toggle link 420 and drive 
link 422 at their coupling point. 

[0049] Referencing Figures 6A, 6B, and 7, the push rod 426 couples to a motor 
428 through a lead screw mechanism 430. The drive link 422 (see Figure 5) couples 
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pivotally to a pivot member 432 configured to pivot about an axis 436 of the pivot member 
432. The pivot member 432 couples to a bearing member 434 through a connecting member 
435. The bearing member 434 is configured to pivot about a central axis 437 and is 
supported on a bearing block 438. A force multiplier arm 440, having a first arm 440' and a 
second arm 440", couples to the connecting member 435 at one end and couples to the motor 
428 at the other end. In this embodiment, the couphng between the force multiplier arm 440 
and the motor 428 is the lead screw mechanism 430 and the push rod 426. 

[0050] The operation of the clamping assembly 400 will now be described with 
reference to Figures 8 through 13. Starting at an open position as shown in Figure 8, in 
which the clamp die 312 is retracted and lowered relative to a bend die 338, the motor 428 
acts on the lead screw mechanism 430 to pull the push rod 426, thereby pivoting the drive 
link 422 clockwise about the axis 436 (see Figures 9 and 10). The retaining member 427 
keeps the push rod 426 pressed against one end of the guide slot 424, as shown in Figures 9- 
11. The drive link first end 422' acts upon the toggle second end 420", which resuhs in a 
lifting of the toggle second end 420" as well as a simultaneous pivoting of the toggle second 
end 420" about the coupling of the toggle first end 420' and the lever second end 414". 

[0051] The toggle first end 420' pushes against the lever second end 414" 
causing the lever 414 to pivot clockwise about the axis 418 (see Figures 9 and 10). The 
lever first end 414' pushes against the slider second end 402", thereby causing the slider 402 
to extend toward the bend die 338 as the peg 404 rides up the arcuate surface 406 (see 
Figures 9-11). As shown in Figures 9 through 12 A, this movement continues until the 
longitudinal axis of the toggle link 420 comes into coUinear alignment with the longitudinal 
axis of the drive link first end 422'. The stop member 451 prevents any fiirther upward 
movement of the toggle link 420 and drive link 422 at their coupling point; in effect, the 
toggle link 420 and the drive link end 422' become a rigid bar that transmits a force fi^om the 
pivot member 432 to the lever 414. At the end of the movement, as illustrated in Figure 12 A, 
the slider 402 brings the clamp die 312 into abutting engagement with the workpiece 340, 
Hence, the combined action of the drive link 422, toggle link 420, and lever 414 raises and 
extends the slider 402 firom a retracted and lowered position (see Figure 8), as the motor 428 
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acts through the lead screw mechanism 430 on the push rod 426 to pivot the drive Unk 422 
clockwise about the axis 436. 

[0052] A retaining member 427 keeps the push rod 426 pressed against one end 
of the guide slot 424 during the raising and extending of the slider 402. The interaction 
between the push rod 426 and the drive link second end 422" results in the raising of the 
toggle link 420. However, once the slider 402 is raised and extended into engagement with 
the workpiece 430, the motor 428 and lead screw mechanism 430 overcome the resistance of 
the retaining member 427 and pull the push rod 426 into engagement with the first arm 440' 
of the force multiplier arm 440. Through this coupling, the motor 428 applies a controlled 
and variable force against the workpiece 340, as the force is transmitted to the workpiece 340 
via the drive link 422, toggle link 420, lever 414, slider 402 and clamp die 312. In one 
embodiment, the motor 428 is an electric servo motor that can be programmed to provide a 
certain level of torque to the lead screw mechanism 430. Once programmed, the motor 428 
will pull the push rod 426 against the force multiplier arm 340 to maintain the desired torque 
level. 

[0053] That is, the motor 428 pulls the push rod 426 against the first end 440" of 
the force muhipUer arm 440 causing the bearing member 434 to pivot clockwise about the 
axis 437 (see Figure 13). Since the pivot member 432 is fixedly attached to the bearing 
member 434 through the connecting member 435, the pivoting of the bearing member 434 
about the axis 437 results in the rotation of the pivot member 432 about the axis 437. The 
rotation of the pivot member 432 causes the drive link 422 to push against the toggle Unk 
420, which in turn presses against the lever second end 414". The lever 414 thus is forced 
into a further clockwise movement about the axis 418, which results in the lever 414 pushing 
the slider 402 and clamp die 312 with high force against the workpiece 340. 

[0054] When the lead screw mechanism 340 moves the push rod 426 against the 
second arm 440" of the force multiplier arm 440, the movement described above is reversed 
and the slider 402 releases the pressure on the workpiece 340. The retaining member 427 
once again presses the push rod 426 against the end of the guide slot 424 to bring the push 
rod 426 into correct position for a subsequent operation of the clamping assembly 400. 
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[0055] To return the slider 402 from the raised and extended position to the 
retracted and lowered position, the motor 428 acts through the lead screw mechanism 430 on 
the push rod 426 to pivot the drive link 422 counterclockwise about the axis 436. The drive 
link first end 422' pushes the toggle second end 420" downward, and simultaneously the 
toggle first end 420' pivots about its coupling to the lever second end 414". The toggle first 
end 420' pulls on the lever second end 414" causing the lever 414 to pivot counterclockwise 
about the axis 418. As the lever first end 414' pivots about the axis 418, the lever first end 
414' pulls the slider 402 away from the bend die 338. The slider 402 rides downward on the 
arcuate surface 406 with the aid of the peg 404 and the slot guide 408. Thus, the combined 
action of the drive link 422, toggle link 420, and lever 414 retracts and lowers the slider 402 
from an extended and raised position as the motor 428 and lead screw mechanism 430 drive 
the push rod 426 to pivot the drive link 422 counterclockwise about the axis 436. 

[0056] An advantage of the clamping assembly 400 is the magnification of a force 
that the motor 428 generates. The use of the force multiplier arm 440, as well as the 
attachment of the pivot member 432 to the bearing member 434 at a location (axis 436) offset 
from the axis 437 of the bearing member 434, result in a lever mechanism that amplifies the 
force that the motor 428 provides and that is ultimately transferred to the workpiece 340 by 
the linkage assembly described above. Referencing Figwe 12B, in this embodiment the 
"effort arm" is the distance Dl between the line of action of the force applied by the motor 
428 to the first arm 440' of the force multiplier arm 440 (through the push rod 426) and the 
pivot axis 437. The "load arm" is the distance D2 between the pivot axis 436 and the pivot 
axis 437. The force magnification is substantially equal to the ratio of the effective lever arm 
to the load arm, namely D 1 :D2. In one embodiment the ratio is 2: 1 , more preferably 5:1, and 
most preferably at least 10:1. As will be fiuther described below, in one embodiment Dl is 
about 2.5 and D2 is about ,25, resulting in a ratio of 10:1. 

[0057] In one embodiment, the connecting member 435 and force multiplier arm 
440 are configured to couple to the bearing member 434 such that the force multiplier arm 
440 is positioned at a slight angle, as shown in Figure 12B, when the slider 402 is at the top 
of the movement. This position of the force multiplier arm 440 allows for continued 
application of a controlled force to a workpiece 340 in situations where, for example, the 
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clamp die 312 and bend die 338 compress the workpiece 440. As the workpiece 340 is 
compressed, the push rod 426 can continue to press against the force multiplier arm 440, 
thereby causing the force multiplier arm 440 to continue pivoting about the axis 437. That is, 
one of the functions of the guide slot 424 and the angled position of the force multiplier arm 
440 is to provide for a space and for movement such that the force multiplier arm 440 can 
effectively apply a constant force to a workpiece 340 even in situations where there is 
compression or slippage at the workpiece 340. 

[0058] In one embodiment, the bend arm 410 has a length of about 14 inches 
from the axis 418 to an axis 401 (see Figure 4) about which the bend arm 410 pivots. The 
width of the bend arm 410 is three inches, and the height of the bend arm is about 6.8 inches 
at one end. The guide slot 408 is about 0.75" inches wide, exhibits a radius of about 2.5" 
inches, and spans an arc of about 67 degrees. A suitable material for the bend arm 410 is cast 
iron. 

[0059] In one embodiment, the slider 402 is about 14.5" inches in length, 3" in 
width, and 2.75 in height. As previously discussed, the slider 402 is configured to receive a 
clamp die 312, to couple to the lever 414, and to ride on the guide slot 408. Hence, one end 
of the slider 402 may comprise grooves (not shown) or other means for retaining the clamp 
die 312. In the embodiment shown in Figure 15, the other end of the slider 402 includes a 
through bore for receiving a pivot pin that couples the slider second end 402" to the lever 
first end 414\ Additionally, the slider 402 can be provided with a peg 404 for engagement 
with the guide slot 408. A suitable material for the slider 402 is cast iron. 

[0060] In one embodiment, the lever 414 consists of a plate having three through 
bores spaced in a triangular configuration (see Figure 15). Two sides of the triangle are each 
about 2.6 inches in length (forming an angle of 135 degrees), and the third side is about 4.7 
inches in length. Additional material can be provided (as shown in Figure 4, for example) for 
increased strength and stability. The material for the lever 414 can be mild steel. 

[0061] The toggle link 420 is about 5.5 inches long. The toggle link 420 has two 
through bores of about 1-inch diameter for receiving pivot pins (not shown) that couple the 
toggle first end 420' to the lever second end 414" and the toggle second end 420' to the drive 
link first end 422'. In this embodiment, the toggle link 420 has two arms at the toggle link 
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second end 420" (see Figure 15), wherein each arm couples to a drive link 422. The toggle 
Unk first end 420' comprises a through bore that couples to the two levers 414 with the aid of 
a pivot pin (not shown). The material for this piece can be an alloy steel such as 4130 HT Rc 
28-32. 

[0062] The drive link first end 422' is configured with a 1-inch diameter bore for 
receiving a pivot pin that couples the drive link first end 422' to the toggle second end 420". 
The height of the drive link 422 is about 3.8 inches, its length is about 7 inches, and its width 
is about 0.6 inches. The drive link 422 also includes a 1-inch diameter through bore for 
receiving the pivot member 432. The drive link 422 additionally includes a guide slot 424 
having a half-inch width and a 2-inch length. The slot 424 spans the width of the drive link 
422. The drive link can be made of a steel alloy such as 4130 HT Rc 28-32. 

[0063] In one embodiment, the pivot member 432, coimecting member 437 and 
bearing member 434 are machined to be a single piece as shovm in Figure 15. The bearing 
member is a solid cylinder having about a 1.5-inch diameter and a height of about 1.25 
inches. The pivot member 432 is a solid cylinder of about 1-inch diameter and about 0.6 
inches in height. In this embodiment the connecting member 437 consists of a rectangular 
box having square sides of about 0.7 inches and a height of about 0.4 inches. The pivot 
member 432 and connecting member 437 are machined on the flat sides of the bearing 
member 434 such that the principal axis 436 of the pivot member 434 is offset from the 
principal axis 437 of the pivot member by about 0.25 inches. The material for this 
component can be a heat treated steel alloy such as 4130 HT Rc 28-32. 

[0064] The bearing block 438 has a width of about 3 inches, a height of about 
2.25 inches, and a length of about 3 inches. The bearing block 438 is configured with a 
through bore that spans the width of the bearing block 438, the bore having a diameter of 
about 1.5 inches for receiving the bearing member 434. The bearing block 438 can be made 
of a steel alloy such as 4130 HT Rc 28-32. It is noted that since the bore of the bearing block 
438 is configured for receiving the bearing member 434, selection of the materials for these 
two components should take into consideration the fiiction between the bearing member 434 
and the bore of the bearing block 438. In some embodiments, during operation of the clamp 
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assembly 400 the interface between the bearing member 434 and the bearing block 438 is 
lubricated with a suitable lubricant such as extreme pressure oil. 

[0065] In one embodiment, the force multiplier arm 440 comprises a first arm 
440' coupled to a second arm 440". The first arm 440' is about 3.5 inches long, 1.25 inches 
wide and 0.4 inches thick. One end of the first arm 440' is configured with a rectangular 
notch for engagement to the connecting member 437. The other end of the first arm 440' is 
configured with a space for receiving the push rod 426. The second arm 440" is 3.5 long, 
1-inch wide and 0.4 inches thick. One end of the second arm 440" is configured with a 
rectangular notch for engagement to the connecting member 437. The other end of the 
second arm 440" is configured with a space for receiving the push rod 426. 

[0066] When coupled together, the first arm 440' and the second arm 440" 
clamp onto the connecting member 437 and provide the structure by which the push rod 426 
can transfer the force fi-om the motor 428 and lead screw mechanism 430 to the bearing 
member 434, which then transmits the force to the drive link 422 via the connecting member 
437 and the pivot member 432. 

[0067] Li one embodiment, the actuator 326 or motor 428 can be an electric servo 
motor such as a 3-phase, Sigma 11 servo, model 15D-A61, available fi-om Yaskawa Electric 
America of Waukegan, Illinois, U.S.A. This motor provides for controlling the torque output 
at least in the range of 10% to 100%. The lead screw mechanism 430 can be, for example, a 
unit sold by Applied International Motion of Laveme, Cahfomia, U.S.A., under the brand 
name Rexroth Bolt Screw. The retaining member 427 can be a spring loaded mechanism 
such as a gas spring sold by Moeller Electric Company. 

[0068] While the above detailed description has shown, described, and pointed 
out novel features of the invention as applied to various embodiments, it will be understood 
that various omissions, substitutions, and changes in the form and details of the device or 
process illustrated may be made by those skilled in the technology without departing from the 
spirit of the invention. The scope of the invention is indicated by the appended claims rather 
than by the foregoing description. All changes which come within the meaning and range of 
equivalency of the claims are to be embraced within their scope. 
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